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CHAPTER 1, 
INTRODUCTION 
I n  order t o  perform adaptive control of the  sheet metal brake 
bending process, a measurement device was developed t o  measure the  shape 
of the  deformed sheet i n  a fast and accurate manner. This device 
t rans la tes  the video s ignal  of the objectimage in to  a number of pa i r s  
of X- and Y-coordinates. 
The viewing f i e l d  of the  te levis ion camera is positioned so t h a t  
the object t o  be measured is centered. A voltage comparator i n  the  
measurement device a c t s  as an image detector,  responding t o  posit ive 
voltage peaks i n  the  video s ignal  produced when the vidicon tube i n  the  
camera detects  the l i g h t  image t o  be measured against a darker background. 
The Y- and X-coordinates of the measured object a r e  obtained by 
counting the horizontal scan l i n e s  and a 5-MHz osc i l l a to r ,  respectively. 
More detai led operation principles a re  discussed i n  Chapter 2. The 
implementation of t h i s  device is shown detai led i n  Chapter 3 and 
Appendix B . 
To ca l ibra te  t h i s  device, an 8080-based microcomputer was used t o  
read the X- and Y-coordinates of the measured object and analyse them. 
The programs used f o r  cal ibrat ion a re  discussed i n  the software portion 
of Chapter 3 and l i s t e d  i n  Appendix C. 
Chapter 4 evaluates t h i s  video-measuring system. Its good 
experimental r e su l t s  indicate its s u i t a b i l i t y  as a general prupose 
measurement device. Some of t h i s  system's advantages and po ten t ia l  
appl icat ions  a r e  described i n  Chapter 5 .  
CHAPTER 2 
PRINCIPU OF OPERATION 
2.1, INTRODUCTION 
This measurement device is designed t o  measure t h e  v e r t i c a l  and 
hor izonta l  coordinates of a two dimensional curve whose image is picked 
up by a t e l e v i s i o n  camera and reproduced on a video monitor. The video 
s i g n a l  produced by t e l e v i s i o c  camera aiming a t  the  measured curve w i l l  be 
converted i n t o  a number of p a i r s  of X- and Y-coordinate f o r  d isplay  and 
output t o  computer. 
This  measurement device is primari ly made up of in tegra ted  c i r c u i t s .  
The opera t ional  funct ions  can be separated i n t o  th ree  major sec t ions .  
The first, c a l l e d  video s i g n a l  processing u n i t ,  reads t h e  video s i g n a l  
and produces the  necessary con t ro l  s i g n a l s  f o r  the  measurement u n i t .  
The second sec t ion ,  c a l l e d  the  coordinate measurement u n i t ,  is the  
sec t ion  which produces the  coordinate da ta  and s t o r e s  them i n  r e g i s t e r s .  
The last sec t ion  is f o r  da ta  output and display .  The system schematic 
diagram is shown i n  f i g u r e  1,. 
To assure  t h a t  t h e  measurement da ta  accura te ly  represents  the  
t r u e  shape of the  measured curve, the  measurement device was c a l i b r a t e d .  
Cal ibra t ion and t h e  da ta  c h a r a c t e r i s t i c s  w i l l  be discussed i n  the  
following chapters .  
2.2 VIDEO SIGNAL PROCESSING 
2.2.1 BASIC CHAMCTERISTICS OF VIDEO SIGNALS 
I n  the video s ignal ,  the  horizontal  scanning period is 62.5 
microseconds ( ~ i ~ u r e  2 ) and the f i e l d  period is 16.67 milliseconds, 
i . e . , 60 frames per second. Each video f i e l d  is made up of 262.5 scan 
l i nes .  The te lev is ion  camera used i n  t h i s  experiment is a simple r a s t e r  
scan type, with one f i e l d  f o r  each frame. 
Although the video s ignal  used i n  broadcasting systems has t o  meet 
the  IEEE standard ( ~ e f .  4 ), there  a re  still no such regulations t h a t  
apply t o  the  video s ignal  output of general laboratory camera such a s  
the type used i n  t h i s  experiment. 
The white peak, black peak, sync l eve l  and blanking l eve l  of video 
s igna l  a r e  d i f fe ren t  i n  each te lev is ion  camera produced. Therefore, 
it is d i f f i c u l t  t o  s e t  up a standard reference voltage used f o r  the  
voltage comparators i n  the  measurement device. This voltage must be 
adjusted f o r  the  video s ignal  produced by the te lev is ion  camera used i n  
each t e s t .  Detai ls  f o r  t h i s  adjustment w i l l  be described i n  the  next 
section.  
The video s ignal  used i n  present t e s t  has a 6 microseconds 
horizontal  sync and a 300 microseconds v e r t i c a l  sync. Sync l eve l  is 
0 t o  0.3 vo l t  (Figure 2 ).  Black leve l  voltage is 1 vo l t  and white 
peak voltage is 2 v o l t  (Figure 2 ) . 
2.2.2 READING THE VIDEO SIGNAL 
Two voltage comparators, 2/4 package of IN339, a re  used t o  "read" 
the  syncs and the image of the  measured curve car r ied  by video s ignal .  
One of the  voltage comparators a c t s  as a sync detector ,  responding t o  the  
sync voltage (lower than 0.3 v o l t  ) . The other  voltage comparator a c t s  
as an image detector,  responding t o  the  posi t ive  voltage produced when 
the  vidicon tube i n  the  camera de tec t s  a br ight  image against  a d u l l  
black background. 
The white peak and black l eve l  of the  image video s ignal  a re  
affected by the brightness and darkness of the  measured objects.  So, 
i n  order t o  produce VC2 (Figure 3 ), the d i f fe ren t  l eve ls  of video s ignal  
must be checked on oscilloscope and the reference voltage must be s e t  (+) 
at  a l eve l  t h a t  is higher than any noise l eve l  and lower than the white 
image peak such t h a t  only the measured image can be detected. The VC1. 
s ignal  (Figure 3 ) responds t o  video syncs t h a t  have d i f fe ren t  l eve ls  
f o r  d i f fe ren t  t e lev is ion  cameras. So, by the same procedure a s  s e t t i ng  
VC2, we must choose a leve l  f o r  VCX. t h a t  is lower than the highest l eve l  
of syncs and higher than the lowest l eve l  of the  video s igna l  (Figure 
3 (b) 
The reference voltages t o  VC1, and VC2 a re  adjusted by potentiometers 
labeled VC1, and VC2 respectively. The reference voltages are extracted 
from a 3-volt reference voltage (Figure 3 (b) ) which is created by a 
Zener diode, 1.N5229. This c i r c u i t  maintains the  reference voltage at 
a constant value and prevents detection of the  wrong s igna ls  on VCI. and 
vc2. 
2.2.3 SEPARATE THE HORIZONTAL AND VERTICAL SYNC 
The horizontal and ve r t i ca l  syncs have the  same shape and voltage 
level .  Only the time in te rva l  is d i f fe ren t .  The duration of the 
horizontal sync is 6 microseconds and the ve r t i ca l ,  300 microseconds. 
I n  most video receivers,  a integration c i r c u i t  is used t o  separate the 
horizontal  and ve r t i ca l  sync ( ~ e f .  1,). But i n  t h i s  video s ignal  
processing uni t ,  two groups of monostable multivibrators, SN?bl.23, a re  
used t o  separate them. They also generate control s ignals  f o r  
measurement usage (Figure 4 (a) ) . 
Monostable multivibrators i n  the first group, M M X ( ~ )  and M M X ( ~ ) ,  
produce a 40 microseconds period i n  every horizontal scanning l i n e  
( ~ i g u r e  4 (b) ) . The f a l l i n g  edge of VC1 t r iggers  MMX(~.)  which produces 
a posit ive pulse on output Q f o r  1.0 microseconds (Figure 4 (b) ). 
Similarly,  MMX(Z) is triggered by the f a l l i n g  edge of the output Q of 
MMX(I) and then produces a posit ive pulse on its output Q f o r  40 
microseconds (Figure 4 (b) ). This is ca l led  a horizontal gating 
s ignal  (H.G. ) .  
The ve r t i ca l  gating s ignal  ( V.G.  ),  Figure 4 ( c ) ,  is created by 
the monostable multivibrators i n  the second group. MMY (1. ) , MMY (2) and 
MMY(3) produce a 1.2.7 millisecond period i n  every f i e l d  o r  frame ( ~ i g u r e  
4 (c)  ) . ~ ( 1 , )  is triggered by the  f a l l i n g  edge of VCl . ,  a lso.  But 
the M M Y ( ~ . )  is retriggerable ( ~ e f .  6 ). Its unstable period is s e t  so 
t h a t  produces a posit ive pulse on its output 3 only if it does not detect  
a horizontal sync pulse within a 200 microsecond time interval .  Because 
there  is only one 300 microsecond ve r t i ca l  sync a t  the end of each f i e l d  
o r  frame, the output of MMY(1,) is always i n  low s t a t e  except t o  detect  
the ve r t i ca l  sync ( Figure 4 (c) ) . The of MMY(I) w i l l  a l so  be 
tr iggered following the first f a l l i n g  edge a f t e r  the ve r t i ca l  sync of VC1. 
has arrived. m ( 2 )  is triggered by the f a l l i n g  edge of output of 
MMY (1.) and produces a posit ive pulse on its output Q f o r  2 milliseconds 
( Figure 4 (c) ) .  M M Y ( ~ )  is triggered by the f a l l i n g  edge of output Q 
of MMY(2) and produces a posit ive pulse on its output Q f o r  1.2.7 
zr5 milliseconds. 
The horizontal gating s ignal  allows detection only during the  
cent ra l  segment of each video l i ne ,  i . e . ,  40 microseconds of each 60 
microsecond horizontal scanning time. The ve r t i ca l  gating s ignal  allows 
detection only during the cent ra l  portion of each video f i e l d  scan, i . e . ,  
200 l i n e s  at cent ra l  portion of 262.5 scan l i n e s  of one frame. These 
two gating s ignals  construct a invis ible  rectangular detection area t h a t  
can be adjusted t o  any s i ze  within the f i e l d  of view of the camera by 
using of f ive  potentiometers ( Figure 4 ). 
2.3 COORDINATES M E A S U m N T  
The horizontal and ve r t i ca l  gating s ignals  construct an inv is ib le  
rectangular detection area on the monitor. This area has its coordinates 
or ig in  a t  the upper l e f t  corner of the monitor. The X ax is  runs 
horizontally across the area from l e f t  t o  r igh t  and the  Y ax is  ve r t i ca l ly  
from top t o  bottom. This coordinate system is ca l led  the reference 
coordinate system and the measurement of  coordinates is based on it. 
2.3.1 HORIZONTAL COORDINATE S 
There is an 8 b i t  counter (two pachages of S~741.61.A ) f o r  X o r  
horizontal ax is  measurement. This counter is triggered by a 5-MHz 
o s c i l l a t o r  o r  clock ( Figure 5 (a) ) which is constructed by a monostable 
multivibrator with delay feedback and is adjustable f o r  cal ibrat ion.  
This counter and 5-MHz clock a re  controlled by the horizontal  gating 
s ignal .  The clock is s t a r t ed  as soon a s  the horizontal gating s ignal  is 
high, and the counter begins counting. The horizontal gating s ignal  
remains high f o r  40 microseconds at the cent ra l  segment of each 
horizontal scan l i ne .  So the counter can count from 0 t o  200 ( i n  
decimal ) i n  each X ax is  measurement. It a lso  means t h a t  we can divide 
the rectangular measurement area in to  200 divisions i n  X o r  horizontal  
ax is  on the monitor. 
When the image of measured curve is detected, VC2 goes high. 
This s ignal  w i l l  immediately load the X-coordinates r eg i s t e r s  which s tore  
X-axis data being measured. The X-coordinates of the measured curve is 
determined by the tr iggering time of VC2, i . e . ,  the  posit ion of the image 
appearing. There is a proportional re la t ionship between the image 
displacement and the X-coordinates data. The value of the X-coordinate 
is decreasing when the image is moving toward l e f t  on the  monitor and, 
increasing when moving toward the r igh t .  Aiiditional d e t a i l s  w i l l  be 
discussed i n  section 2.3.3. 
2.3.2 VERTICAL COOFDINATES 
There is a l so  an 8 b i t  counter ( two packages of S~741.61,~ ) f o r  Y 
o r  v e r t i c a l  ax i s  measurement. The t r i g g e r  source of t h i s  counter comes 
from VC1. ( Figure 5 (b) ), i . e . ,  video sync detection s ignal .  This 
counter is actuated by the  v e r t i c a l  gating s ignal .  This s igna l  is high 
f o r  1.2.7 milliseconds at the  cen t r a l  portion of each video f i e l d  o r  frame. 
Only 200 horizontal  scanning l i n e s  a r e  detected i n  each video frame. 
These frames have 262.5 horizontal  scanning l i ne s .  
The Y-coordinates counter immidiately s t a r t s  t o  accumulate data  a t  
the  top  of t he  reference coordinate. That is, the  number i n  t h i s  counter 
is increasing as the  video s ignal  scans toward the  bottom of the  monitor. 
I n  each period of the  v e r t i c a l  gating s igna l ,  t h i s  Y-coordinates counter 
has a capacity t o  detect  upto 200 l i n e s  i n  one video f i e l d .  It a l so  
means t h a t  we divide the  rectangular measurement a rea  i n to  200 divis ions  
i n  Y o r  v e r t i c a l  ax i s  on the  monitor. The measuring p r i c ip l e s  of 
Y-coordinates a r e  the  same as those of X-coordinates which a r e  described 
i n  sect ion 2.3.1.. 
2.3.3 STORING X- AND Y-COORDINATES 
A l l  the  data b i t s  of the  X- and Y-coordinates counters a r e  connected 
t o  pa ra l l e l  data inputs of reg is te rs .  Four packages of SN741.73 a r e  used 
( Figure 6 (a)  ). A l l  of the  "clock" pins of these four  r e g i s t e r s  a r e  
t r iggered by the  r i s i ng  edge of a "LOAD" s ignal .  This s igna l  is the Q 
output of a D type f l ip - f lop  (1./2 package of SN74IS74 ) which is 
t r iggered by VC2 and synchronized by the  complement s igna l  of the  5-MHz 
CLOCK ( Figure 6 (a)  ). ( ~ e f .  2) 
Because the a r r iva l  of the r i s ing  edge of VC2 indicates  t h a t  the 
l e f t  edge of the measured curve shown on the monitor is detected and tha t  
it is asynchronous t o  the counting system, the r i s ing  edge of VC2 has t o  
be synchronized by a D type f l ip-f lop.  Thus, the r i s ing  edge of lllOAD1l 
s ignal ,  produced synchronously with the f a l l i n g  edge of the "CLQCK", 
w i l l  t r i gge r  the r eg i s t e r s  t o  s tore  the  binary numbers t h a t  a re  present 
i n  the  counters ( ~ i g u r e  6 (b) ) . 
No matter how wide the  measured curve, only its l e f t  edge, shown on 
the monitor, can produce a r i s ing  edge on VC2. Only the X- and 
Y-coordinates of the curve's l e f t  edge are placed i n  the reg is te rs .  
The points being measured are  the l e f t  edge of the measured curve, shown 
on the  monitor, and must be bright enough t o  be detected by the video 
processing c i r c u i t .  The width i n  X direct ion has no a f fec t .  The width, 
however, must be no l e s s  than one measurement uni t  t o  be detected, i . e . ,  
the  width of 1,/200 of the horizontal measurement length, t h i s  is shown 
c lear ly  i n  f igure 6 (b).  
The binary numbers of the X- and Y-coordinates once stored i n  the 
r eg i s t e r s  w i l l  s tay there u n t i l  a second s e t  of coordinates a re  stored. 
Only one pa i r  of X- and Y-coordinates can be kept i n  t h i s  measurement 
system f o r  each the horizontal scanning period (about 60 microseconds) . 
I n  order t o  s tore  coordinates f o r  a complete shape, these measured data 
have t o  be output t o  a computer. Some examples i n  chapter 3 w i l l  show 
the procedures i n  de t a i l .  
2.4 DATA OUTPUT AND DISPLAY 
This measurement device has three means f o r  data output (I?igure 7 ). 
F i r s t ,  the data may be read out t o  LFD f o r  d i rec t  reading. The second 
method outputs both X- and Y-coordinates i n  1.6 b i t  DIP sockets along with 
a "STROBE" signal.  The last method is t o  output one of three data s e t s ,  
i . e . ,  "READY" flag, X- o r  Y-coordinates, under the  control of two 
select ion b i t s  on the multiplexer (~~741 .53) .  The select ion b i t s  appear 
on D I 7  and D I ~  pins on the input port  ( ~ i g u r e  7 (b) ) . 
2.4.1 LEXI DISPLAY 
I n  order t o  make sure the measurement device is working, each data 
b i t  of the reg is te rs  is connected t o  a inver te r  (1/6 ~ ~ 7 4 0 4 )  and a LED. 
A bright lamp represents " 1, " and dark represents " 0 ". LED a r e  
arranged i n  two para l le l  l i nes ,  8 b i t s  i n  each l i n e  which represents the 
binary numbers of the X- and Y-coordinates ( ~ i ~ u r e  7 (a)  ). 
Under normal operating conditions, it is impossible t o  read the data 
displayed on the JXD due t o  the rapid changes of the  numbers displayed. 
To permit manual control,  a toggle switch is used t o  hold the data  steady. 
Once t h i s  switch is put i n  the "HOLD" posit ion,  the LED show a p a i r  of 
X- and Y-coordinates as long as the switch on l'HOLD1l. I n  the "GO" 
posit ion,  the measuring data displayed on the LED w i l l  change as fast as 
the scanning speed of the video signals.  
2.4.2 X- AND Y-COORDINATES PARALLEL OUTPUT 
Each data b i t  of the 3-state buffer output of the  r eg i s t e r s  can be 
d i rec t ly  output through a 1.6 pin DIP socket ( ~ i g u r e  6 (a) ) f o r  both of 
the X- and Y-coordinates. A "STROBE" s ignal  is used t o  indicate t h a t  the 
X- and Y-coordinates data i n  available ( Figure 6 (b) ) . 
The arrangement of the 16 b i t  pa ra l l e l  output allows the computer 
t o  fe tch  on data pa i r  by each input action. It should be noted t h a t  
each data pa i r  remains i n  the reg is te rs  only f o r  one scanning l i n e  period, 
so the  computer must fe tch them within 60 microseconds. I n  chapter 3,  
there  is a flowchart of the computer program used t o  read the data ,  
2.4.3 PIULTIPIEXER SElJ3CTm OUTPUT 
A l l  the data b i t s  of the reg is te rs '  output port a re  connected t o  
four  multiplexers (~~741 .53) .  Either the X- o r  Y-coordinate can be put 
onto the 8 b i t  data bus, under the control  of the select ion b i t s  of the 
multiplexer ( ~ i g u r e  7 (b) ) . 
For slow speed output of t h i s  arrangement, there  is some support 
hardware needed ( ~ i g u r e  7 (a) ). A D-type f l ip - f lop  (1./2 package of 
~ ~ 7 4 . 1 ~ 7 4 )  is used t o  generate the " READY " s ignal  t o  inform the computer 
t h a t d a t a  is available.  This D type f l ip - f lop  is re se t  by the computer 
and is s e t  by " STROBE ". Its Q output, "READY" high, holds the  data 
i n  the r eg i s t e r ,  ( the same function a s  the manual switch i n  the  "HOLD" 
posi t ion) ,  u n t i l  the computer command t o  rese t  it. This permits the  
computer t o  fe tch  one pa i r  of X- and Y-coordinates even i f  the period 
required is longer than the video scanning speed. 
To output one of three 8 b i t  data s e t s ,  i . e . ,  "READY" f l ag ,  X- and 
Y-coordinates, the command comes from the MSB and NMSB, i . e . ,  D17 and 
D I ~  on the input port ,  of the  input signal.  The output select ions a re  
arranged as follows, 
D I 7  D I ~  OUTPUT 
1, 1, X-coordinate 
1. 0 Y-coordinate 
0 1, READY " f l ~  
0 0 open 
To rese t  the " READY " f l ag ,  the "clear " pin of the D type 
f l ip - f lop  obtains the signal from LSB, i . e . ,  DIO on the  input port ,  of 
the input signal.  
There is an " HOLD " mode select ing switch, labeled " INT. HOLD " 
on one s ide and " EXT. HOLD " on another s ide ,  This switch is switched 
t o  " EXT. HOLD " side only i n  case of holding the data  i n  r eg i s t e r s  v i a  
I/O ports  command. On the  other hand, " INT. HOLD " side is used t o  
hold the  data stored i n  reg is te rs  by use of another toggle switch. 
2.5 OPERATIONS IN WHOLE CIRCUIT 
This measurement device is powered by s i ~ g l e  5 vo l t s  power source. 
A s  soon a s  the video s ignal  is fed in to  t h i s  device, the  measurement 
func t ion  i n  i t s e l f  can follow up t h e  scanning speed of t h e  video s i g n a l  
immediately. 
The timing diagram shown i n  Figure 8 is t h e  timing r e l a t i o n s h i p s  
of some important s i g n a l s  which con t ro l  t h e  operat ion of t h i s  measurement 
device.  I n  order  t o  connect t h i s  device with computers, it is very 
important t o  make a bes t  use of these  con t ro l  s i g n a l s .  
IMPLEMENTATION 
I n  t h i s  chapter, both hardware and software are  discussed. The 
function of control signals of the measurement device is described. 
Detailed c i r c u i t  diagrams a re  shown i n  Appendix B. The basic computer 
programs used i n  device cal ibrat ion a re  discussed i n  the  software portion. 
Their flowcharts a r e  given i n  t h i s  chapter and a l l  program l i s t i n g s  a re  
shown i n  Appendix C. 
3.1, .I. VIDEO SIGNAL GENERATION AND MONITOR 
A.  Whitened Object and Darkened Background 
I n  the viewing f i e l d  of te levis ion camera, the whole area must be 
black and without ref lected l i g h t .  Only the measured object should be 
white so tha t  it can r e f l e c t  enough l i g h t  in to  the lens  t o  make a 
measurement. 
The design of t h i s  measurement device is such t h a t  the  points 
measured a re  on the l e f t  edge of the white detected object and the  width 
of the  object must be wider than 1/200 of the measured range. 
The s t ra ight  l i n e  arranged on the cal ibrat ion p la te  is shown on 
pictures  at  Appendix A .  
B. Television Camera and Monitor 
The pictures tha t  show the te levis ion camera and monitor used i n  
t h i s  experiment a r e  a t t a t ched  at A,ppendix A .  The video s i g n a l  produced 
by t h i s  camera is described i n  sec t ion  2.2.1, and Figure 2. 
C. Specia l  Res t r i c t ions  on Video Signal  
Two important f a c t o r s  on video s i g n a l  must be checked before 
processing with t h i s  measurement device. 
(1.) S igna l s  l e v e l  : 
To assure t h a t  only the  sync and image must be detec ted  by 
the  voltage comparators, t h e  reference voltage t o  VC1 and VC2 may 
need adjustment, This problem was described i n  s e c t i o n  2.2.2. 
0.2 v o l t  is  already s e t  f o r  VCI, and 1. . j  v o l t  f o r  VC2 i n  t h i s  
device. 
(2)  Ver t i ca l  sync : 
200 microseconds is t h e  minimum pulse width of v e r t i c a l  sync. 
No equalizing o r  v e r t i c a l  s e r r a t i o n  pulse can be i n s e r t e d  i n t o  
t h i s  sync. That is, a pure low l e v e l  pulse ,  longer than 200 
microseconds, must be used i n  v e r t i c a l  sync ( ~ i g u r e  2 ) .  
3.1, .2 MEASUREMENT IMPUMENTATION 
A .  Control Signals  
(1.) VC1, and VC2 : 
These s i g n a l s  respond t o  t h e  sync and image i n  t h e  video 
s igna l .  They a r e  discussed i n  sec t ion  2,Z.Z. The c i r c u i t  used 
is drawn i n  Appendix B , Figure B .I,. 
(2) CMCK : 
This adjustable 5-MHz clock is used f o r  X-coordinate 
measurement. For greater  s t a b i l i t y ,  a crystal-controlled 
osc i l la tor  may be substi tuted.  The "CLOCK" generation c i r c u i t  
is shown i n  Appendix B ,  Figure B .2. 
(3) uxD 
I n  order t o  "write" down the s tab le  data i n  counters, the 
"LOAD" signal  is generated t o  t r i gge r  the reg is te rs .  This 
tr iggering causes the  reg is te rs  t o  s tore  the measured coordinates 
data on time. Its c i r c u i t  is shown i n  Appendix B ,  Figure B .3. 
(4) SWITTM1, : 
I n  order t o  keep the output data steady, t h i s  s ignal  is 
generated by a toggle switch, labeled 'WOLD" and "GO" on s ides .  
Its c i r c u i t  is a la tch ,  as shown i n  Appendix B ,  Figure B.4. 
To se lec t  e i t h e r  "INT. HOLD" o r  "EXT. HOLD" control,  a 
toggle switch is used t o  generate the s ignal ,  a s  shown i n  Appendix 
B,  Figure B . 5 .  
( 6 )  READY : 
This f l a g  informs the outside world t h a t  the output data 
stored i n  reg is te rs  a re  s teadi ly  available a s  long as "READY" is 
high, i . e . ,  logic "I". Only the  external command, coming from 
the  input port DIO, can rese t  t h i s  f lag .  Its c i r c u i t  is shown 
i n  Appendix B , Figure B .6. 
(7) STROBE : 
I n  ''GO" and "INT. HOLD" mode, a new image 's coordinates a re  
available f o r  output a s  soon as the r i s ing  edge of "STROBE" f l a g  
arr ives .  Its timing diagram is shown i n  Figure 8. And its 
c i r c u i t  is  shown i n  Appendix B ,  Figure B.?. 
B . Measurement 
(1,) I n  X-coordinate 
The c i r c u i t  diagram including counters, r eg i s t e r s  and a l l  
control s ignals  is shown i n  Appendix B ,  Figure B.8 .  
(2) I n  Y-coordinate 
This c i r c u i t  diagram also includes counters, r eg i s t e r s  and 
a l l  control signals.  It is shown i n  Appendix B ,  Figure B.9. 
3.1.3 DATA OUTPUT IMPLE3ENTATION 
A .  LED Display 
The binary outputs of X- and Y-coordinates can be displayed by use 
of the LED'S. The bright is "1. " and the dark is "0". This c i r c u i t  is 
shown i n  Appendix B , Figure B . lo .  
B. I/O Ports  
P 
To output an 8 b i t  data and input the external command, the c i r c u i t  
diagram is shown i n  Appendix B , Figure B .1,1. . 
3.2 SOFTWARE 
3 . Z W 1  DATA ACQUISITION 
A. By "EXT. HOLD" control 
I n  order t o  hold the output data s teadi ly  f o r  a time period tha t  
the computer can completely read them, the "EXT. HOLD" control must be 
used. The computer can acquire the coordinates data v ia  e i t h e r  1.6 b i t s  
data output port o r  multiplexers 8 b i t s  data output port .  The command 
given by the computer program enters  the input port  on t h i s  measurement 
device. 
An 8080-based microcomputer, shown i n  Appendix A ,  has been used t o  
ca l ibra te  t h i s  measurement device by using of basic programs. The one 
used only f o r  data acquisit ion is cal led DATALIST. It reads the X- and 
Y-coordinates v i a  multiplexer seleted output port .  Its flowchart is 
shown i n  f igure 9 and program l i s t i n g  i n  Appendix C. 
B. Using "STROBE" Flag 
A s  long as the output data is not held by control s ignal ,  the  r i s ing  
edge of the  "STROBE" f l a g  informs the outside world t h a t  a new p a i r  of 
X- and Y-coordinates data is presently available.  This feature  can give 
the computer a good data acquisit ion method. For instance, the 
"INTERRUPT" o r  "LOAD" instruct ions of 8080 microprocessor can be used, 
with some minor hardware arrangement, t o  read the data v i a  the 1.6 b i t s  
data output port. These method are  f a s t e r  and more e f f i c i en t  than those 
discussed i n  last section. But one important r e s t r i c t ion  must be 
emphasized again, any new p a i r  X- and Y-coordinates data s tay i n  the 
the  r e g i s t e r s  f o r  only about 60 microseconds i f  no "HOLD" con t ro l  is used. 
The computer operation speed, therefore ,  should be evaluated f o r  using 
"STROBE" f l a g  . 
A simple "INTERRUPT" flowchart ( ~ i g u r e  10) is shown as an example 
t o  use the  "STROBE" f l a g .  
3.2.2 DATA MANIPULATION 
A .  Consecutive Y-coordinates 
If the  computer can read t he  coordinates output fast enough so  t h a t  
a l l  t he  detected points  on t h e  measured curve can be recorded i n  one 
video frame scanning, then t h e  Y-coordinates data a r e  consecutive 
in tegers .  These da ta  can be manipulated e a s i l y  f o r  shape comparison. 
To demostrate t he  f e a tu r e  of coordinates transformation, a program 
flowchart is shown i n  f i gu re  12.  It must be noted t h a t  t h i s  program 
can only be used i n  t he  acqu is i t ion  of consecutive Y-coordinates. 
For slow da t a  fe tching,  t he  Y-coordinates read w i l l  not be 
consecutive in tegers .  The treatment of nonconsecutive Y-coordinates 
is discussed i n  t he  next sect ion.  
B . Nonconsecutive Y-coordinates 
The slower data fe tching,  t he  fewer coordinates be recorded i n  each 
video frame. The 8080-based microcomputer used f o r  c a l i b r a t i on  could 
not operate fast enough t o  g ive  u s  t h e  consecutive Y-coordinates data i n  
each video frame scanning. A number of p a i r s  of X- and Y-coordinates 
must be collected first and then analysed. Five basic programs a re  used 
t o  ca l ibra te  t h i s  measurement device. Their flowcharts a r e  shown i n  
Figure 12 and 13. And the program l i s t i n g s  a re  given i n  Appendix C. 
The major functions of these programs i n  data manipulation a re  discussed 
i n  following. 
(1) Program DATALIST 
This is a simple program t o  read the data from the  8 b i t s  
output port of the  measurement device and a l so  t o  p r in t  them onto 
the CRT. 
(2) Programs DATADRAW -90 and DATADRAW -45 
To check the l i nea r i ty  of the  measurement with respect t o  
the measured line, these two programs a re  used t o  convert the 
coordinates data in to  a plot  on the CRT. The extension 90 and 
45 means the ve r t i ca l  and 45 degrees decline l i n e  respectively. 
The flowchart is given i n  f igure 12 and the  program l i s t i n g s  i n  
Appendix C . 
(3) Programs ANALYSIS-90 and ANALYSIS -45 
These two programs analyse 800 pa i rs  of X- and Y-coordinates 
by rearranging them in to  the consecutive Y-coordinates and 
calculating the average of each X-coordinates. The r e su l t s  of 
the  analysis data a re  stored in to  the disk f o r  accurate 
calibration. The flowchart is given i n  Figure 1.3 and the 
program l i s t i n g s  i n  Appendix C. 
CHAPTER 4 
EVALUATION 
4.1. EXPERIMENTAL APPARATUS 
(I.) Calibration p l a t e  
This p l a t e  has 25 pin  holes on it. 5 holes a r e  i n  each row and 
column and 2 inchs apar t  ( Appendix A ,  Figure A. 1 ) . The hole pi tch 
accuracy of t h i s  p l a t e  is n i l . ,  i . e . ,  O.O2$ mm. 
(2) TV Camera and Monitor 
TV Camera: So l id  S t a t e  TV Camera, HV-50, LA-41.02 
SHIBA ELECTRIC COD,  LTD. 
TV Camera Controllers HV-50U 
Video Monitor: 1.2-inch, Black and White. 
( Shown i n  Appendix A ,  Figure A .  2 ) 
(3) 8080-Based Microcomputer 
PolyMorphic 8800 s e r i e s  with CRT display ( Appendix A ,  Figure 
A . 3  1. 
(4) Measurement device 
The I C  board is shown i n  Appendix A ,  Figure A .4. 
(5) Layout 
The distance between te lev is ion  camera and the  ca l ib ra t ion  
p l a t e  is 7.5 inches. ( Appendix A,  Figure A. 5 ) 
4.2 CALIBRATION PROCEDURE 
(1,) Experimental setup: Shown as Figure 1.4. 
(2) Adjust the video sync detector: See section 2.2. 
(3) Adjust the image detector: See section 2.2. 
(4) Measurement data cal ibrat ion:  Described as following . 
4.3 RESULTS 
4.3.1. LINEARITY I N  Y DIRECTION 
Analysis of the experimental data ( ~ p ~ e n d i x  A ,  Table A .  1.) , the  
l i n e a r  measurement, comparing with its resolution, i n  the Y direct ion 
is apparent. The scale f ac to r  i n  Y-coordinate , R(Y) , is calculated 
i n  Figure 1.5. The difference between measured and actual  value is 
smaller than 0.45 percent ( ~ i g u r e  1.6 and 1.7) . 
4.3.2 LINEARITY I N  X DIRECTION 
The experimental data (~ppendix A ,  Table A .I.) can be used t o  
calculate  the  scale  f ac to r  i n  X-coordinate, R(x), within the t e s t  area 
( ~ i ~ u r e  18 and 19). By repeating t h i s  t e s t  procedure across a l l  the 
viewing f i e l d  of camera, the l i nea r i ty  i n  X-coordinate can be determined. 
4.4 DIS CUSSION OF FXPE~RIMENTAL, RESULTS 
4.4.1. SCAU FACTOR 
The scale f ac to r  is the  r a t i o  of the  image s i z e  t o  the s i z e  of 
measured object. A d i f fe ren t  distance between te lev is ion  camera and 
measured object requires a d i f fe ren t  scale  fac tor .  A d i f fe ren t  lens  
on TV camera would produce the same r e s u l t  as well. 
Comparing t h e  r e s u l t s  of Figure I,? and l,9, we can f i n d  two s c a l e  
f a c t o r s .  
R(Y) = 1, ~ ~ / I S B  of Y-coordinate 
Since 
Where po = Period of 5-MHz "CLOCK" = 200 nenoseconds 
O X a  = Actual d i f ference  i n  X-coordinate. 
O X m  = measured di f ference  i n  X-coordinate. 
We can g e t  t h e  new "CLOCK" period,  pn, which f o r c e s  t h e  s c a l e  
f a c t o r  i n  X-coordinate , R(X) , equal t o  t h a t  i n  Y-coordinate , R(Y) , and 
hence both of them a r e  equal t o  1,. 
Any combination of t h e  length  s c a l e  and layout can be used i n  
t h i s  system as long as t h e  s c a l e  f a c t o r  was previously found. R(Y) 
depends on the  system layout ,  whereas R(X) can be adjus ted  t o  any 
convenient constant .  
4.4.2 STABLE MEASUREMENT 
For a long period of operat ion,  s i x  hours i n  t h i s  experiment, 
t h e  output da ta  of the  measurement device a r e  extremely s t a b l e .  
To obta in  a good measurement r equ i res  two important i tems,  a high 
q u a l i t y  TV camera t o  pick up t h e  image of t h e  measured ob jec t ,  and a 
s u i t a b l e  video s igna l .  
4.4.3 NON-CONSECUTIVE Y COORDINATES 
I n  t h i s  experiment, 800 pai rs  of X- and Y-coordinates were sampled 
at random times by the  program "ANALYSIS". These coordinates a re  
rearranged by grouping the same Y-coordinates and calculating the  
average value of the X-coordinates. Three s e t s  of r e s u l t s  from t h i s  
procedure are  l i s t e d  i n  Appendix A,  Table A.1.. One aspect of t h i s  
sampling procedure is that some Y-coordinates are l o s t .  Also the 
number of X-values which form the  average is not the same f o r  each 
Y-coordinate. 
4 m 4 m 4 DISTOR1'ION 
Some d is tor t ion  of the  image displayed on the  monitor was 
observed. This d i s tor t ion  of the video s ignal  made it d i f f i c u l t  t o  discuss 
the  exact l i nea r i ty  of measurement system. 
There were two kinds of video d is tor t ion  observed i n  t h i s  
experiment. F i r s t  one is the  round image which comes from a r igh t  
angle corner of the measured object.  This is caused by the inherent 
non-linearity of the s ignal  conversion of the TV camera been used. 
The other  d i s tor t ion  is the image s p l i t  which comes from the  malfunction 
of sync generation of TV camera control ler .  
4.4.5 FGSOLUTION 
Although the  resolution of t h i s  video-measuring system is always 
1,/200 of measured range i n  each X- and Y-directions, the  measured range 
can be selected by rearranging the  image. Therefore, the  resolution 
of t h e  measurement of the  object  w i l l  be changed, a l s o .  
4.4 6 POTENTIAL IMPROVEMENT 
I n  order t o  s t o r e  the  X- and Y-coordinates covering the  e n t i r e  
measured curve, without depending upon the  operat ion speed of t h e  
computer, it would be convenient t o  add 200 bytes RAM t o  t h i s  
measurement device. Y-coordinates would be used a s  t h e  addresses of 
memory i n  which t o  s t o r e  t h e  X-coordinates corresponding t o  t h e  former. 
Then the  measurement device could automatical ly s t o r e  a l l  t h e  
coordinates measured i n t o  t h e  R A M  f o r  one video frame scan. The 
computer could then read them without any timing r e s t r i c t i o n s .  
CIUPTER 5 
ADVANTAGES, LIMITATIONS , AND EXTENDED APPLI CATIONS 
5.1. ADVANTAGES 
This measurement device provides several  advantages over general 
measurement systems. The major advantages such as its speed, resolution 
and non-contact features  w i l l  be described i n  following. 
5 . 1, . 1 MEASURING SPEED 
This system's most obvious and important advantages over 
presently used methods a re  the speed of its measurement. The complete 
curve coordinates, up t o  200 points, can be measured 60 times per second. 
5.1..2 RESOLUTION 
Another advantage of the video-measuring system over other 
similar measuring systems l i e s  i n  its resolution determined by the  s i ze  
of the  image. Increasing resolution can eas i ly  be achieved i n  t h i s  
video-measuring system by magnifying the  image through an appropriate 
lens  on the te levis ion camera. 
5 . 1, . 3 NON- CONTACT MEASUREMENT 
One of important advantages of t h i s  video-measuring system is 
remote and non-contact measurement. This feature  of fe rs  considerable 
convenience f o r  selecting the  measuring position. I n  addition, the  
device can stand far away from a dangerous environment and keep its 
measurement accurate f o r  a long operation period. 
5.2 LIMITATIONS 
The video-measuring system is not without l i m i t a t i o n s .  There a r e  
both inherent  l i m i t a t i o n s  which a r e  caused by video s i g n a l s  and some 
s p e c i a l  l i m i t a t i o n s  caused by s p e c i f i c  hardware design. 
5 . 2 1 ,  LIGHTING 
The primary l i m i t a t i o n  of the  video-measuring system is t h a t  t h e  
object  t o  be measured must necessar i ly  be l i g h t e r  than any o the r  point  
i n  its background. Technical ly,  voltage comparators a r e  minimally 
s e n s i t i v e  t o  a di f ference  of approximately 4 t o  5 m i l l i v o l t s  between 
t h e i r  inputs .  This represents  t h e  magnitude of t h e  d i f ference  between 
t h e  measured o b j e c t ' s  br ightness  and its background l e v e l .  The 
va r iab le  background l e v e l s  of l i g h t  and t h e  noise s i g n a l  i n  t h e  video 
s i g n a l ,  the re fo re ,  c r e a t e  de tec t ion  problems. It is, the re fo re ,  
necessary t o  check the  video s i g n a l  l e v e l s  t o  obta in  proper information. 
5.2.2 MAXIMUM MEASURING SPEED 
Although t h e  measuring speed of t h i s  video-measuring system is 
f a s t e r  than t h a t  of o t h e r  systems, the re  s t i l l  is a  maximum l i m i t .  
It should be noted t h a t  t h e  60-HZ video-scan r a t e  is both t h e  maximum 
and t h e  minimum r a t e  t o  measure a l l  t h e  po in t s  coordinates on t h e  
measured curve. This is a spec ia l  inherent  l i m i t a t i o n  i n  t h e  hardware. 
5.2.3 DATA STORAGE 
I n  t h i s  measurement device,  only one 8 b i t  da ta  r e g i s t e r  is used 
f o r  each X- and Y-coordinate, i . e . ,  only one p a i r  of X- and Y-coordinate 
can be s to red  i n  t h i s  system. It should be noted t h a t  measured X- and 
Y-coordinates follow the video scanning posit ion.  The most recently 
measured data subst i tues  i t s e l f  f o r  the previous one. So it is 
necessary t o  read and s tore  a l l  the  measured data in to  the memory of 
computer. This l imitat ion is caused by hardware design of the  
measurement device which is re la t ive ly  simple and cheap, i . e . ,  money 
can cure t h i s  l imitat ion.  
5.2.4 MEASUREMENT APPLICATION 
This measurement device is special ly  designed t o  measure the  
X- and Y-coordinates of a two dimensional shape. T t  performs t h i s  
function by detecting the posit ion of the l e f t  edges of a l i g h t  image. 
The horizontal width of the l i g h t  image cannot be measured without 
changing the design of the  device. This additional function could be 
accommodated by additional hardware. 
5.3 EXTENDED APPLICATIONS 
This measurement system represents an i n i t i a l  developmental stage 
and, with some minor modifications, could perform additional tasks .  
Some special  suggestions axe discussed i n  following. 
5.3. 1 THREE-DIMENSIONAL MEASUREMENT 
The three-dimensional coordinates could be arranged t o  measure 
by positioning a mirror next t o  the measured object at a proper angle 
t o  provide the camera with a s ide view of the object.  This 
modification would require both control of the te levis ion camera and 
some programming changes. 
5.3.2 TIME-SHARING MEASUREMENT 
Having powerful measurement speed, severa l  measurement systems 
t h a t  don ' t  need such fast measuring speed can a l t e r n a t e l y  share t h i s  
measurement device. Multiple video s i g n a l s  could be s e l e c t i v e l y  
f e d  i n t o  t h i s  measurement device by an analog mult iplexer.  This 
modificat ion would require  a program t o  separa te  and s t o r e  coordinates 
measured f o r  each d i f f e r e n t  measurement system. 
5.3.3 COMPUTER VISION SYSTEM 
Using t h e  t e l e v i s i o n  camera as t h e  system's "eye", t h e  computer, 
combined with our measurement device,  becomes a "seeing" computer which 
can perform measurement, inspect ion and decis ion making funct ions .  
This  kind of app l i ca t ion  is useful  t o  t h e  automation indust ry ,  t o  
inspect  p a r t s .  They can serve as eyes f o r  robots ,  making poss ib le  
automatic p a r t  t r a n s f e r  and assembly. They can r e l i a b l y  perform 
d i f f i c u l t  assembly-line t a sks .  And they withstand hazardous 
environments. ( ~ e f  . 3) 
CHAPTER 6 
CONCLUSION 
Having a powerful measurement speed and adequate resolus ion,  t h i s  
newly developed measurement device is  a instrument f o r  measuring t h e  
shape of a two dimensional curve. This device can automatical ly 
convert video s i g n a l s  i n t o  8 b i t  X- and Y-coordinates of a s u f f i c i e n t l y  
l i g h t e d  curve within t h e  f i e l d  of view of t h e  t e l e v i s i o n  camera. The 
funct ion of t h i s  measurement device is s p e c i a l l y  designed f o r  measuring 
t h e  shape of t h e  deformed sheet  of metal i n  a brake bending process. 
The a p p l i c a b i l i t y  of t h e  device,  the re fo re ,  must be considered i f  o the r  
condi t ions  used. 
REFERENCES 
I .  Fink,  Donald G . ,  "Television Engineering Handbook," F i r s t  Edi t ion ,  
pp . 7-1.8-7-21 , 1957. 
2. H i l l ,  F . J . ,  and Peterson,  G . R . ,  "Introduction t o  Switching Theory and 
Logical Design, " Second Edi t ion ,  pp . 21.3-21.7, 1974. 
3 . General Motors Research Laboratories,  "Search", Vol. 1.3, No. I., 
Jan-Feb , 1 978. 
4. Ennes , Harold E . , 'Te levis ion Broadcasting: Systems Maintenance, " 
PP. 57, PP. 230-2339 1.972. 
5. Lubinski, K.S., Dickson, K.L., and John Caerns, Jr., "Microprocessor- 
Based In te r face  Converts Video S igna l s  f o r  Object Tracking, " Computer 
Design, Dec . , 1,977. 
6.  Texas Instruments Incorporated, ''The TTL Data Book f o r  Design 
Engineers, " Second Edi t ion ,  1976. 
7. Zworykin, V.K. ,  and Morton, G.A.,  "Television," Second Edi t ion ,  1 - 9 9 ,  
--I Video Signal  Video Signal Processing 
X- and Y-coordinate 
Regis ters  
+- 
I I 
1 i 
1 
a 
Direct  LED Multiplexer 
Output Display Selec ted  output 
I 
C 3 
FIGURE 1. 
+ 
.- 
1 
SCHEMATIC DIAGRAM OF THE MEASUREMENT DEVICE 
X-coordinate Y-coordinate 
Measurement Measurement 
J b I 4 
Volt 
White object  
- - - - - - - - -  
VC2 reference vol 
4 p-,- Black lev 
\ VC1 reference voltage 
(a) ONE HORIZONTAL SCAN LINE 
Volt 
mic r o s  
2 . o m  
The composite a r ea  of 
1 , .5--  - - hor izonta l  scan l i n e s  
1. . o m  
1.4800 
I - 
(b) ONE FIELD SCAN 
FIGURE 2 TYPICAL VIDEO SIGNALS USED I N  THIS EXPERIMENT 
Video s igna l  7 
C I R C U I T  
r- White object  
- -  - . I . - - -  - I- - - - -  
J VG2 Ref. 
Video 
- - ~-tr"u===-]-v:l-cef 1 -  * 
I I I 
I I I 
7 I I I I 
I 
I 
I I 
(b) TIMING DIAGRAM (not t o  scale) 
FIGURE 3 C I R C U I T  TO GENERATE V C I  AND VC2 AND T I M I N G  DIAGRAM 
V . G .  
> 
FIGURE 4 (a) SCHEMATIC OF HORIZONTAL GATING AND 
VERTICAL GATING SIGNALS.  (H .G . AND V . G . ) 
8 
A A 
MMX(I, ) , 
1,O microseconds 
~ ~ y ( 1 .  ) , 
200 microseconds 
i 1 
Q 
A 
- 
Q 
A 
mx(2) 9 
40s microseconds 
MMY(~) 9 
1,. 27 milliseconds 
h - 
Q 
t 
Q 
A 
> 
H.G. 
MMY(~), 
1.2.7 milliseconds 
Q 
1 
Horiz . 
sync 
I I 
I I 
40 o, 1 I I 
f I i 
( i n  microsecond) 
(b) T I M I N G  DIAGRAM OF HORIZONTAL GATING S I G N A L  ( H . G. ) 
Vert . 
sync 
a .  l;:,oo - 
( i n  microsecond) 
( c )  TIMING DIAGRAM OF VERTICAL GATING S I G N A L  ( V - G .  ) 
v 
300 
The composite of 
horiz o n t a l  sync s 
F I G U R E  4 GENERATION OF HORIZONTAL AND VERTICAL GATING S I G N A L S  
- 
H.G. 
(a) X- COORDINATE MEASUREMANT 
1 1 1 
VC1. > 8 b i t  Counter 
8 b i t  Y-coordinate 
(b)  Y-COORDINATE MEASUREMANT 
FIGURE 5 THE X- AND Y-COORDINATE COUNTERS 
CLOCK 
+ 
8 b i t  r e g i s t e r  8 b i t  r e g i s t e r  
C L 
~ 0 ~ x 7  output Y O ~ Y ?  output 
8 b i t  X-coordinate 
(a )  STORING THE X- AND Y-COORDINATE DATA 
8 b i t  Y-coordinate 
edge of counting 
L 
b + i 
LOAD 
I I I 
I I I 
I 
I 
I I 
I * I 
6 I ,  I I I + I I I I 1 
1 no t I 
I response I I I 
I I 
I I I 
L, edge t o  s t o r e  the  da ta  
STROBE 
A 
(b) SYNCHRONIZED "LOAD" TIMING DIAGRAM 
FIGURE 6 THE X- AND Y-COORDINATE REGISTERS 
Inver te r s  7 
(a) LED DISPLAY 
1,6 b i t  Wire 1.6 b i t  wire 
STROBE READY Y O - ~ 7  ~ 0 ~ x 7  I 
Q d  
(b) MULTIPLEXER SELECTED OUTPUT AND I/O PORTS 
>D-FF 
CLR 
FIGURE 7 DATA OUTPUT ARRANGEMENT 
A 
Multiplexer 
-B 
6 
v 
DO ~6 D 7  
Dl.-D5: Open 
Pin  9 4 6 : ~ ~ ~  Pin 9-16; GND 
k-fl, scan l i n e  
I _  I I, f i e l d  -, I I -  I 
I I I 
i m m - J m  H.G. I 
I I I I 
I I I M I I 
I I I I I 
.* I I I I 
I 
#I I 
STROBE I 
I 
3 J 
I V.G.  
e I 
I I I I I I 
LOAD I 
I I 
I I 
## 
1 #4 
FIGURE 8 THE T I M I N G  DIAGRAM OF IMPORTANT SIGNALS 
I I 
rw I t 
I 
I 
I I I 
I I 
I 
7 I I I 
I I 
I 1 
I 
I I I I 1 I I 
I I I I I 1 I 
I I I I 
I 
I I I I 
I 
I I I 
I ! I I I I I 
Output "READY" flag s e l e c t i o n  
Input  "READY " 
C 
NO 
Output "X-coord." s e l e c t i o n  
Input X-coordinate 
- 
Output "Y-coord." s e l e c t i o n  
Input  Y-coordinate 
h 
1 
Output 0 t o  r e s e t  t h e  
"READY" f l a g  
- 
1 
P r i n t  the  X- and Y-coord. 
I o n t h e C R T  I 
FIGURE 9 THE PROGRAM FLOWCHART OF READING THE 
X- AND Y-COORDINATES 
I "INTERRUPT" occurs a t  I 
each r i s i n g  edge of "STROBE" 
-T- 
I Input  and s t o r e  t h e  I 
X- and Y-coordinate 
-I 
I ENABLE INTERRWT I 
# * 
Return t o  the main program 
FIGURE 10 THE "INTERRUPT " SUBROUTINE FLOWCHART 
Start ,N=O 
'4 
FIGURE 11, THE PROGRAM FLOWCHART O F  THE COORDINATES PARALmL 
TRANSFORMATION 
S t a r t  v 
I S e t  D l  and 02 f o r  I 
L. 
( t h e  drawing range I 
Input  one p a i r  of 
X- and Y-coordinate 
1 Input  one p a i r  of I 
A 
X- and Y-coordinate 
r-7- 
F I G U R E  12  THE FLOWCHART O F  "DATADRAW" PROGRAM 
I Input  800 p a i r s  of I 
X- and Y-coordinates Y 
t I Find t h e  max. of I 
max. Y=O 0 
S e t  max. Y=O and I1 
I-I c a l c u l a t e  t h e  a v e r w e  1 
1 of the  X-coordinate I 
S t o r e  the  r e s u l t s  
i n t o  the  d i sk  s
t t 4 
P r i n t  the  r e s u l t s  
I on the  CHP I 
FIGURE 1.3 THE FLOW CHART OF "ANALYSIS " PROGRAM 
Cal ib ra t ion  
P l a t e  
TV Camera 
8080 Microcomputer p--]-,-q 
TV Camera 
Con t ro l l e r  
d 
FIGURE 1.4 EXPERIMENTAL SETUP 
Video 
Monitor 
Osci l loscope 
C 1 
Measurement 
Device 
a 
Actual p o s i t i o n  
X Y 
Measured p o s i t i o n  
FIGURE 1,5 CALCULATION OF THE SCALE FACTOR I N  
Y - COORDINATE, R(Y) . 
Actual pos i t ion  (1.) 
X= 99 mrn 
Y= 1.05-1-45 mm 
Actual pos i t ion  (2) 
X= 99 mm 
y= 55-95 mn-l 
Measured pos i t ion  ( See Appendix A ,  Table A.1. ) 
F I G U R E  1,6 ACTUAL POS1TIO"I O F  THE MEASURED OBJECTS 
Actual pos i t ion  ( Figure 1.6 ) 
Measured pos i t ion  ( Table A.1. ) 
Maximum o f f s e t  = 99.444 - 99 99 = 0.0045 
Note t h a t  t h e  maximum o f f s e t  is ca lcu la ted  from 99.4Y.h 
which is the  maximum deviated measurement i n  t h e  c e n t r a l  
region.  
FIGURE 1.7 COMPARISON OF THE ACTUAL POSITION AND 
MEASURED POSITION 
Actual  p o s i t i o n  (2)  
x = q q m m  
y = 55-95 m3-n 
Actual  p o s i t i o n  (3) 
X = 1-50 mm 
Y = 55-95 mm 
Measured p o s i t i o n  ( See Appendix A ,  Table A .I. ) 
FIGURE 1.8 ACTUAL POSITION OF THE MEASURED OBJECTS 
Actual  p o s i t i o n  ( Figure  1,8 ) 
Measured p o s i t i o n  ( Table A .I. ) 
Maximum o f f s e t  = 99mw - 99 = 0.0045 99 
FIGURE I9  COMPARISON OF THE ACTUAL POSITION AND 
MEASURED POSITION 
APPENDIX A 
FIGURE A . 1  CALIBRATION PLATE 
-- 
FIGURE A. 2 TV CPiMERA AND MONITOR 
FIGURE A .  3 MICROCOMPUTER AND CRT 
FIGURE A .4 MEASUREMENT DEVICZ 
FIGURE A . 5  LAYOUT OF TV CAMERA AM) CALIBRATION PLATE 
Measured pos i t5  on (1,) , Measured pos i t ion  (2)  , Measured pos i t ion  (3) 
Xave . Y Xave Y Xave Y 
* : The d a t a  used i n  ca lcu la t ion  of t h e  max. o f f s e t  
TABm A.1. EWERImWAL MEASURED POSITION 
F I G U R E  B ,1. 
62 
APPENDIX B 
C I R C U I T  DIAGRAM 
VIDEO S I G N A L  SEPARATOR 
F I G U R E  B. 2 5-MHz OS CILLATOR (AD JUSTABLE) 
GO 
HOLD 
* 
(i) 0 
FIGURE B .4 "SWITCHI," LATCH CIRCUIT 
VC2 3 @ 
CLOCK > a 
u5 3 LOAD 
SN74.U 74 D LOAD 
A 
I INT* HOLD - - - - - *  4 
\ ;O;tm-D SWITCH2 EXT. HOLD - - - - - - + '  
m 
. 
FIGURE B. 5 "SWITCH2 " SIGNAL IMPLEMENTATION 
"READY " SIGNAL IMPLEMENTATION 
DIO > -  
@I 
V. G . )  
LOAD > 
1k 
220 
- 
t 
u3 
STROBE > @ SN74IS 74 
i 
FIGURE B . 7  
3 C> r n D Y  
"STROBE " SIGNAL IMPLEMEWATION 
FIGURE B. 8 
x? x6 xg x4 x3 x2 XI xo 
X-COORDINATE MEASUREMENT IMPLEMENTATION 
FIGURE B .9  Y-COORDINATE MEASUREMENT 1MPL;EMENTATION 

FIGURE B .I, 1, 
READY > 
xo > D DO0 
MULTIPLEXER FOR SEL;ECPTION OF OUTPUT 
YO > @ 
Xl > @ 
Y1 > @ 
u19 C> DO1 
SN74153 @ • 
a 
X2 > r) DO2 
y2 > u20 D Do3 
X3 > 01 SN74-153 @ 
y3 > @ 
J 1 
X4 > D DO4 
y4 ) @ u21 D DO5 
x5 > 
y5 > 
x6 ) C> ~ 0 6  
y6 > D DO? 
X? > - - < D I ~  
y7 > < DI? 
APPENDIX C 
COMPUTER PROGRAMS 
Basdic computer programs were used t o  sample, s to re  and analyze 
the outputs of the measurement device. Five basic language computer 
programs were used i n  the cal ibrat ion procedures. The detai led 
descriptions of the cal ibrat ion procedures a re  given i n  Chapter 4. 
Basic Program DATALIST 
This program reads X- and Y-coordinates from the output port  of 
the measurement device and gives some control s ignals  t o  the input port 
of the measurement device. The sampled X- and Y-coordinates are  
displayed on the CRT of the microcomputer. Keyboard "CrTRL" and "Y" a re  
needed t o  stop the program. More detai led description of the program 
is given i n  the program l i s t i n g .  
Basic Program DATADRAW-90 and DATADRAW-45 
These two computer programs t rans la te  the X- and Y~coordinates,  
generated by DATALIST program, in to  a new coordinates plot  on the  CRT of 
the microcomputer. The extensions, 90 and 45, a re  used f o r  the ve r t i ca l  
and 45 degrees declining l i nes ,  respectively. The program l i s t i n g s  
contain some documentations of its usage and description. 
Basic Program ANALYSIS-90 and ANALYSIS -4 5 
These two programs can co l lec t  800 pa i rs  of X- and Y-coordinates 
generated by DATALIST and give them an analysis.  The major analysis  a re  
based on the Y-coordinates c lass i f ica t ion  and X-coordinates average. 
The r e su l t s  of analysis axe displayed on the CRT of the microcomputer and 
a l so  a re  stored in to  the data f i l e  of the disk. The extensions, 90 and 
45, a r e  used i n  the same function as those i n  the DATADRAW programs. 
More detai led descriptions of the programs a re  given i n  the program 
l i s t i n g s .  
" DATALIST " 
I 0  REM *** LIST THE X- AND Y-COORDINATES 
20 Z=136 \ REM 110 PORT ADDRESS OF THE COMPUTER 
30 OUT Z ,  0 \ R E M  RESET THE "READY" FMG 
40 R E M  *** CHECK THE "READY" FLAG 
50 om z ,  65 
60 I F  INP(Z)=O THEN GOT0 50 
70 R E M  *** INPUT THE X-COORDINATE 
80 OUT Z ,  193 
90 X=INP(Z) 
100 REM *** INPUT THE Y-COORDINATE 
1.1,o OUT Z ,  1,29 
1>20 Y=INP(Z) 
1,30 I F  Y=O THEN GOT0 30 
1,40 R E M  *** PRINT THE DATA ON THE CRT 
1,50 PRINT "X= ' I ,  X , TAB (10) , "Y= " , Y 
160 GOTO 30 
170 REM *** STOP THE PROGRAM BY KEYBOARD "CTRL" AND "Y" 
REM *** INPUT ONE SET O F  NON-ZERO X- AND Y-COORDINATE 
Z=I. 36 
OUT 2 ,  0 
OUT Z ,  1, 
REM *** INPUT THE "READY" FLAG, X- AND Y-COORDINATES 
OUT Z ,  65 
I F  INP(Z)=O THEN GOT0 50 
OLT z ,  193 
X=INP(Z) 
OUT z ,  129 
Y=IW(Z) 
I F  Y>O THEN GOT0 1-00 
GOT0 30 
REM *** SELECT THE CONSTANT FOR DRAWING 
I F  X<7O THEN D 1 = 2 5  
I F  X>7O THEN GOSUB 31,O 
I F  X>1,20 THEN GOSUB 320 
I F  X > 1 7 0  THEN D1=1 ,75  
I F  Y(1,OO THEN D2=0  
I F  Y>1,00 THEN D2=1200  
REM *** DRAW THE COORDINATES I N T O  A HORIZONTAL L I N E  ON THE CRT 
FOR N=l, T O  20 
P R I N T  " " 
NEXT N 
A=X-Dl. 
B=Y -D2 
PLOT B , A , 1 ,  
OUT z ,  0 
OUT z ,  1, 
OUT z ,  65 
I F  INP(Z)=O THEN GOT0 21%0 
OUT Z ,  1-92 
X=INP(Z) 
OUT z ,  1,29 
Y=IW(Z) 
I F  Y=O THEN GOT0 200 
GOT0 180 
REM *** SUBROLTINES FOR D l  AND D 2  
IF  X<1,20 THEN Dl,= 75 
RETURN 
I F  X ( 1 7 0  THEN D 2 1 . 2 5  
RETURN 
REM *** S T O P  THE PROGRAM BY KEYBOARD "CTRL" AND "Y" 
REM *** INPUT ONE SET OF NON-ZERO X- AND Y-COORDINATE 
z=1. 36 
REM *** RESET THE "READY" FLAG 
OUT z , o  
OUT Z,I, 
REM *** INPUT THE "READY" FLAG, X- AND Y-COORDINATES 
OUT z ,  65 
I F  IW(Z)=O THEN GOT0 50 
OUT Z ,  1,93 
x=1NP(z) 
OUT z ,  1.29 
Y=INP(Z) 
I F  Y>O THEN GOT0 1,00 
GOT0 30 
R E M  *** SELECT THE CONSTANT FOR DRAWING I N  X DIRECTION 
I F  X < j O  THEN Dl>=-30 
I F  X)50 THEN GOSUB 31.0 
I F  X>100 THEN GOSUB 320 
I F  X<150 THEN ~ ~ = 1 2 0  
R E M  *** SELECT THE CONSTANT FOR DRAWING I N  Y DIRECTION 
I F  Y(50 THEN D2=0 
I F  Y > j O  THEN GOSUB 350 
I F  Y>1.00 THEN GOSUB 360 
IF Y<I 50 THEN ~2=1.50 
REM *** DRAW THE COORDINATES INTO A 45 DEG. DECLINING LINE 
R E M  *** CLEAR THE SCREEN 
FOR N=l TO 20 
PRINT" " 
NEXT N 
A=X-Dl, 
B=Y -D2 
PLOT A,B,I, 
REM *** FETCH A NEW COORDINATE FOR PLOTING 
OUT z ,  0 
OUT z ,  1, 
OUT z ,  65 
I F  IW(Z)=O THEN GOT0 21.0 
OUT Z ,  1.93 
x=1NP(z) 
OUT z ,  1,29 
Y=IW(Z) 
I F  Y=O THEN GOT0 201 
GOTO 1.80 
REM *** SUBROUTINES FOR Dl. 
I F  X<1,00 THEN D1.=20 
RrnURN 
I F  X < l j O  THEN D1.=70 
" DATADMW -45 " 
(cont . ) 
9 0  RE24 *** SUBROUTINES FOR D 2  
350 I F  Y<1.00 THEN D2=50 
351, RETURN 
360 I F  Y<150 THEN D21.00 
361 RETURN 
370 REM *** S T O P  THE PROGRAM BY KEYBOARD "CTRL" AND "Y" 
DIM x ( ~ o o ) ,  Y (800) , ~ 1 ,  (1.50) , s~ ( I '~o ) ,  Dl. (150) , ~ ~ ( 1 5 0 )  
REM RECORD 800 SETS OF COORDINATES 
z=136 
OUT Z ,  0 
OUT 2 ,  1 
FOR N = l  TO 800 
OUT z ,  65 
IF  IW(Z)=O THEN GOT0 60 
OUT 2, 183 
X(N)=INP(Z )
OUT Z ,  129 
Y (N)=INP(Z) 
OUT Z ,  0 
OUT Z ,  1, 
IF  Y(N)=O THEN GOT0 60 
NEXT N 
REM ** CLASSIFY Y AND CALCULATE THE AVERAGE OF X COORDINATES 
REM *** FIND THE MAX. Y(N) 
M= 1. 
A=O 
FOR K=l, TO 800 
IF Y (K)>A THEN A=Y (K) 
.NEXT K 
REM *** ANALYSIS IS FINISHED WHEN A=O 
I F  A=O THEN GOT0 250 
S2 (M)=A 
J = O  
~ 1 ,  (M)=o 
REM ** CALCULATE THE AVERAGE OF X(M) 
FOR I=1 TO 800 
IF  Y (I)=s~(M) THEN Y(I)=O \ J=J+i \SI. (M)=sI. (M)+(x(I) SI (M))/J 
NEXT I 
GOT0 1,25 
REM *** STORE DATA INTO DISK 
FILE : 6,  OPEN, "<2>45-DATAI, " , OUT 
MgM-2 
FOR I=2 TO M2 
DI, (I )=SI (I) -SI, (I+I. ) 
~2(1)=sz(I)-s2(1+1.) 
PRINT; 6, SI(I), "(x)&", s ~ ( I ) ,  "(Y)", TAB(K)), DL(I), "(Dx)&", D~(I), 
l1 (DY) l1 
NEXT I 
PRINT: 6, "END OF DATA I' 
FILE: 6 ,  CLOSE 
REM *+E+ PRINT THE X- AND Y-COORDINATES 
" ANALYSIS-45 " 
(cont . ) 
J= 1, 
X= 1.2 
M=M-1, 
FOR I=J TO K 
Dl,=SI (I ) -S1, (1+1, ) 
nz=s2(1)-s2(1+1.) 
PRINT "x(", I, ")=", TAB(I~), "DX=", Dl. ,  T B ( ~ o ) ,  "Y(", I, ")=", 
~2 (I) , TAB (45) , "DY= " , D2 
NEXT I 
PRINT "MAX. DX IS # # ,  SI,(I,)-SI,(M{ 
PRINT "MAX. DY IS ", ~ 2 ( 1 . ) - S ~ ( M  
INPUT "ENTER THE LINE # TO BE CHECKED ", J 
X= J+1.1, 
GOT0 320 
REM *** STOP THE PROGRAM BY INPUT # GRMTER THEN 1.50 
DIM ~ ( 8 0 0 )  , Y (800) , Sl, (1-50) , ~2(1,50)  
REM *** RECORD 800 SmS OF COORDINATE3 
z= 1,36 
OUT Z ,  0 
OUT Z ,  1, 
FOR N = l  TO 800 
OUT z ,  65 
I F  IW(Z)=O THEN GOT0 60 
OUT Z ,  1.93 
X(N)=INP(Z) 
OUT z, 129 
Y (N)=INP(Z) 
OUT Z,  0 
OUT Z ,  1, 
I F  Y(N)=O THEN GOT0 60 
NEXT N 
REM *** CLASSIFY Y AND CALCULATE THE AVERAGE OF X 
R E M  *** FIND THE MAX. Y ( N )  
M= 1. 
A= 0 
FOR K=l, TO 800 
IF  Y(X)>A THEN A=Y(K) 
NEXT K 
IF  A=O THEN GOT0 250 \REM ANALYSIS IS FINISHED 
SZ(M)=A 
J= 0 
S1. (M)=o 
REM *** CALCULATE THE AVERAGE OF X(M) 
FOR I=1, TO 800 
IF  s ~ ( M ) = Y  (I) THEN Y (I)=o \ J=J+l, \SI, (M)=s~, (M)+(x(I) -SI. (M))/J 
NEXT I 
PRINT "x(", M ,  ")=", SI.(M), TAB(ZO), M ,  ")=", SZ(M) 
M=M+l, 
GOT0 125 
R E M  *** STORE THE DATA I N T O  THE DISK 
FILE: 6 ,  OPEN, "<2>90-DATAI", OUT 
M=M-1. 
FOR N=l, TO M 
PRINT: 6 ,  SI.(N), "(x)&", s ~ ( N ) ,  "(Y) ,", 
NEXT N 
PRINT : 6,  "END OF FILE" 
FILE: 6 ,  CLOSE 
R E M  *** PRINT THE X- AND Y-COORDINATES 
J= I, 
K= 1.2 
~=s2(1 , )  - s~(M)  
FOR I=J TO K 
*I ANALYSIS-90 " 
(cont . ) 
0 PRINT "x(", I, ")=", SI.(I), TAB(ZO), "Y(",  I ,  ")=", SZ(I) 
335 NI3XT 1 
340  PRINT 'THE VERTICAL LENGTH IS " , L, " mm" 
350  INPUT "ENTER THE LINE # TO BE CHECKED ", J 
3 6 0  K=J+11, 
370  GOTO 320 
400 REM *** STOP THE PROGRAM BY GIVING A # GREATER THAN 1~50  
